(12). INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) Internationa! Publication Date 
17 January 2002 (17.01.2002) 




PCT 



lllllllllll 



(10) International Publication Number 

wo 02/04036 Al 



(51) International Patent Classification'': A61L9/20, 

F24F 3/16 

(21) International Application Number: PCT/GBOl/03124 

(22) International Filing Date: 1 1 July 2001 (1 1.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: ^ 

0017058.9 



1 1 July 2000 (1 1 .07.2000) GB 



(71) Applicant (for all designated States except US): MI- 
CROGENIX LIMITED [GB/GB] ; Water House, Thames 
Road, Crayford, Kent DAI 4TF (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HALL, Philip 

[GB/GB]; c/o Microgcnix Limited, Water House, Thames 
Road. Crayford. Kent DAI 4TF (GB). 

(74) Agent: ANDREW, B., Crawford; A A Thornton & Co., 
235 High Holbom, London WCIV 7LE (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD. GE, GH. GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG. MK, MN. MW. MX, 
MZ, NO. NZ, PL. FT, RO, RU, SD, SE, SG, SI. SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG. US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS. MW. MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM. AZ, BY, KG, KZ, MD. RU, TJ, TM), European 
patent (AT. BE, CH, CY. DE, DK, ES, FI, FR, GB, GR, IE. 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF. 
CG, CI, CM, GA, GN. GW. ML. MR, NE. SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



= (54) Title: PURIFICATION OF AIR 




(57) Abstract: An air purification system for purifying recirculated air eg in an aircraft, vehicle, offices or hospitals comprises the 
combination of a filter section with an ultraviolet illumination section and a coating of an antimicrobial agent on surfaces in one or 
^ both of the filter and illumination sections. Air flow through the illumination section is caused to be slightly turbulent by means of a 
^ multi-bladed fan being fixed in position between the filter and illumination sections. This increases the dwell time of contaminants 
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PURIFICATION OF AIR 
The present invention relates to a method and apparatus for purifying 

air. 

The purification of air is a long standing problem and the problems 
are increased when recirculated air is being utilised as occurs m many enclosed 
spaces such as ships, vehicles, offices, aircraft and hospitals. There have been 
many attempts to improve the purification of air generally and one such system is 
disclosed in US Patent No 4,017,736 which discloses an air purification system 
utilising a pre-filter metal mesh and sub-micron laminar flow cell to remove 
particles and high intensity ultraviolet generator to kill microorganisms as ah: is 
forced by a fan through a shielded enclosure. This previous arrangement is 
designed to a free standing unit in an open area, and is not disclosed as being 
suitable for use with recirculated air. 

There are particular problems with purifying air for recirculation in 
enclosed spaces and particularly in ships, offices, aircraft and hospitals. Up to 
now, filtering the air has been the preferred method of air purification but this has 
been shown to be either inadequate or else energy inefficient. 

The present invention proposes a recirculatory air system which 
includes within its ducting the provision of an ultraviolet radiation emission 
section Which is arranged to purify the air in combination with an antimicrobial 
coating. - , 

Preferably, the ultraviolet radiation emission section is arranged to 
be maintained in situ and is provided with one or more openable inspection panels 
provided with means which automatically terminate energisation of the ultraviolet 
light source upon opening the or each panel. 

Additionally, it is preferred to control the ultraviolet light source in 
such a manner that ozone is not produced but, if necessary, ozone filters can be 
included. 
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In order that the present invention be more readily understood, an 
embodiment thereof will now be described with reference to the accompanying 
drawings, in which:- 

Figure 1 shows a diagrammatic representation of an installation 
according to the present invention; 

Figure 2 shows a diagrammatic side view of a portion of the 
installation shown in Figure 1 ; 

Figure 3 shows a diagranmiatic representation of a control.box used 
in the installation shown in Figure 1 • 

Referring now to Figure 1, this shows diagrammatically a 
recirculating air system for purifying air in an aircraft. This is but one application 
of the present invention and it is suitable for use in any situation where 
recirculated air is being utilised eg in a ship, motor vehicle, clean room or in 
offices and hospitals. The enclosed space 1 is provided with an air extraction vent 
2 which permits air to be withdrawn from the enclosed space 1 xmder action of a 
fan system 3 via ducting 4. Located at a suitable position along the length of the 
ducting 4 is an ultraviolet illumination section 5 which will be described in detail 
below. Additionally, if required, an air flow conditioning section 6 is also 
provided in the ducting 4 which is arranged to provide conventional mechanical 
filtermg of the air flowing through the ducting 4. The thus cleaned air is returned 
to the enclosed space via an air inlet 8 and the operation of the fan sy stem 3 and 
the ultraviolet illumination section 5 is monitored and/or controlled by a control 
unit?. 

As mentioned above, air extracted firom the enclosed space is drawn 
through the air flow conditioning section 6 which is shown in more detail in Figure 
2 in combination with the ultraviolet illumination section 5. The section 6 can 
include one or more filter sections 6a and a pre-sterilisation section 6b. The filters 
used can be one or more of the conventional mechanical filters such as an 
activated charcoal filter as well as an electrostatic filter. It is important that the 
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filters do not create a back pressure of any significance in the system and we have 
found a filter of 5 microns (G4/EU4 rating) to be sufficient. The pre-sterilisation 
section 6b includes an arrangement for creating slightly turbulent air flow through 
the ultraviolet illumination section 5. This can be achieved in a number of Ayays 
but we prefer to utilise a fixed multi bladed directional fan 9. Altematively, the 
fan may be replaced by fixed shaped or planar members may be provided at an 
angle to the air flow in order to provide a sinous air flow path through the section 
5. The fixed shaped or planar members may be perforated or made of a porous 
material. 

The ultraviolet illumination section 5 will now be described and is 
shown as being of circular cross section but it will be appreciated that any 
convenient cross section may be utilised which may or may not be the same cross 
section as used for the ducting 4. The section 5 has a cylindrical side wall 1 1 
which encloses a central core 15 around which are mounted the individual light 
sources 1 0 . The number and length of the sources 1 0 will depend on the air flow 
conditions but in the present embodiment we prefer to have eight light sources 1 0 
uniformly disposed aroimd the core 15 and the effect of this is to cause slightly 
turbulent air flow in the annular space between the core 1 5 and the cylmdrical side 
wall 1 1 . The light sources 10 are held in position such that they are spaced from 
the core 15 which maximises the effect of the ultraviolet light on the bacteria in 
the air as the air flow passes over substantially all the surface of the sources 10. 

The surfaces of the wall 1 1 and the central core 1 5 are either made 
of or coated with material with a high reflectance to UV light. We prefer to use 
polished aluminium sheet which has been found to be better than polished stainless 
steel. The side walls 11, can be provided with an operable panel to permit 
maintenance of the light sources 10 and permit other access to the illumination 
section 5. The individual light sources 10 are attached to the core 15 in any 
convenient manner and are most conveniently attached by means of simple clips. 
Additionally, the panel in the side wall 1 1 may be provided with detectors (not 
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shown) which will detect the opening or potential opening of a panel and thus 
signal to the control unit 7 that the light sources 10 should be switched off. This 
avoids possible eye damage to maintenance personnel. The exact way in which 
the potential opening of the panels is signalled to the control unit is a matter of 
design choice and could be a micro switch or other suitable sensor which could be 
activated by the operation of a latch or the like on the side wall which is required 
to be unlatched prior to the moverilent of the panel itself. 

Figure 3 shows a typical front panel 1 9 for the control unit 7 where 
an isolator switch 20 is shown. The control unit can be located at any convenient 
position but will usually be remote from the fan system 3 and illumination section 
5. A key pad 21 can provide control of the illumination section 5 and also of fan 
speed to cater for different conditions and an LFI and hours run meter 22 is also 
provided which can be checked by maintenance personnel. 

The proposed method is to use the ultraviolet light within the 
illumination section 5 in such a manner as to provide an excess of a 99% sanitation 
rate overall. It is also proposed to recirculate the air at regular intervals in order to 
improve the sanitation rate. 

We have also found it to be advantageous to coat the internal 
surfaces of the pre-sterilisation section 6b and/or the filter section 6a with an 
antimicrobial agent. Preferably the agent is one which is non-leaching and non- 
volatile and is not consumed by microorganisms. One suitable agent is a standard 
antimicrobial substance (a quatemary amine) in a silane which when coated on a 
surface bonds to the surface to render it antimicrobially active. In particular, an 
agent incorporating 3-(trimethoxysilyl)-propyldimethyloctadecyl ammonium 
chloride as active ingredient as sold by Aegis Environments of Midland, Michigan, 
USA under the trade mark Aegis Microbe Shield is particularly useful. 

When using an antimicrobial agent, it is preferred to use a metal 
"wool" as the .filter in the filter section 6a and this is usually of stainless steel or 
other non-corroding metal. However, other filter materials such as natural or 



wo 02/04036 



PCT/GBOl/03124 



5 

synthetic fibres or mixtures thereof could be used. 

Alternatively, or in addition, we have found it advantageous to coat 
the internal surfaces of the ultra-violet illumination section with the microbial 
agent. 

Although the apparatus described above can be assembled from 
discrete parts or modules, it is preferred to construct the conditioning section 6 and 
the UV treatment section 5 as a unit so that the unit can be readily fitted into 
existing ducting. 

By using a three stage purification process, filtration, antimicrobial 
treatment and UV treatment it is possible to readily achieve a sanitation rate of in 
excess of 99% when recirculating the air. 
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CLAIMS: 

1 . A method of purifying air comprising withdrawing air from an 
enclosed space, passing the withdrawn air over surfaces coated with an 
antimicrobial agent, through an ultraviolet radiation and returning the thus 
irradiated air to the enclosed space. 

2. A method according to claim 1, and comprising filtering the 
withdrawn air. 

3. A method according to claim 1 or 2, and comprising causing 
turbulence to the air flow prior to passing the withdrawn air through ultraviolet 
radiation. 

4. A melliod according to claim 1, 2 or 3, wherein the agent is an 
antimicrobial substance in a silane. 

5. A method of purifying air substantially as hereinbefore described 
with reference to the accompanying drawmgs. 

6. Apparatus for purifying air comprising means (3) for withdrawing 
air from an enclosed space.Cl), ducting (4) for directing withdrawn air through a 
unit including an ultraviolet radiation section (5) for irradiating the withdrawn air 
and thence back to an air inlet (8) arranged to communicate with the enclosed 
space, the unit having at least one of its intemal surfaces coated with an 
antimicrobial agent. 

7. Apparatus according to claim 6, and comprising a filter (6a) for 
filtering the withdrawn air. 
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8. Apparatus according to claim 6 or 7, and comprising means (6b) for 
causing the air flow to separate into a number of various paths in order to cause 
turbulence in the air flow. 

9. Apparatus according to claim 7 or 8 wherein the antimicrobial agent 
is coated on at least some of the internal surfaces of the filter (6a) and/or the air 
flow separating means (6b), 

10. Apparatus for purifying air substantially as hereinbefore describes 
with reference to the accompanying, drawings. 
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